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Preparation of a metal complex-protein composite for 

the use as a hydrogenation catalyst of an olefin 

Watanabe, Yoshihito; Ueno, Takafumi; Abe, Satoshi 

Nagoya Industrial Science Research Institute, Japan 

U.S. Pat. Appl. Publ., 7 pp. 
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Patent 
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PATENT NO. 



US 2005049405 
JP 2005075799 
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APPLICATION NO. 
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JP 
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2004-790060 
2003-310085 
2003-310085 



DATE 



20040302 
20030902 
20030902 



MARPAT 142:276006 

The metal complex-protein composite of the present invention includes a 
protein having a cavity and a metal complex and has a specific structure 
that the metal complex is received in the cavity of the protein. Here the 
metal complex is prepared by complexation of a metal ion, which is selected 



among the group consisting of rhodium, ruthenium, and palladium, with a 
ligand. The metal complex-protein composite of the invention functions as 
a hydrogenation catalyst of an olefin in water. The metal complex-protein 
composite is thus effectively applied to hydrogenation of water-soluble 
substrates and has environmental advantages over organic solvents . Preparation of 
rhodium complexes-apomyoglobin composites and their use as hydrogenation 
catalysts of olefins is disclosed. 
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ACCESSION NUMBER: 2004:734455 CAPLUS 

DOCUMENT NUMBER: 142:168270 

TITLE: Palladium (II) and platinum (II) complexes with mixed 

ligands of tertiary monophosphines and 
5-phenyl-l, 3 , 4-oxadiazole-2 -thione or 
4 , 5-diphenyl-l, 2 , 4 -triazole-3 -thione 

Qadir, Adnan M. ; Abdullah, Ali I.; Al-jibor, Subhi A.; 
Al-Allaf, Talal A. K. 

Department of Chemistry, College of Basic Sciences, 
Applied Science University, Amman, 1193, Jordan 
Asian Journal of Chemistry (2004), 16(2), 1181-1188 
CODEN: AJCHEW; ISSN: 0970-7077 
Asian Journal of Chemistry 
Journal 
English 

Several new palladium (II) and platinum (II) complexes 
containing two types of ligands: tertiary monophosphines (L) and 
5-phenyl-l, 3 , 4 -oxadiazole-2 -thione (HA) or 4 , 5-diphenyl-l, 2 , 4 -triazole-3 - 
thione (HB) were prepared The so obtained complexes 

trans- [PdA2L2] , trans- [PdB2L2] and cis- [PtA2L2] were characterized by 
elemental anal., IR, UV-visible, 31P NMR spectroscopy, molar conductance 
and magnetic susceptibility measurements. 
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11 CAPLUS COPYRIGHT 2 005 ACS on STN 
2004 : 156420 CAPLUS 
141:174283 

A series of vinylidene-, vinyl-, carbene- and 
carbyneruthenium (II) complexes with [Ru(PCy3)2] and 
[Ru(PiPr3)2] as molecular building blocks 
Jung, Stefan; Ilg, Kerstin; Brandt, Carsten D.; Wolf, 
Justin; Werner, Helmut 

Institut fuer Anorganische Chemie der Universitaet 
Wuerzburg, Wuerzburg, 97074, Germany 

European Journal of Inorganic Chemistry (2004) , (3) , 
469-480 

CODEN: EJICFO; ISSN: 1434-1948 
Wiley-VCH Verlag GmbH & Co. KG a A 



Journal 
English 

CASREACT 141:174283 
The hydrido (vinylidene) complexes [RuHCl ( :C:CHR) (L)2] (R = H, tBu, Ph; L = 
PCy3, PiPr3) undergo metathesis reactions in the presence of KX (X = I, 
NCO, OPh, CH3C02, CF3C02) to give the substitution products 
[RuHX( :C:CHR) (L)2] in good to excellent yields. Treatment of 
[RuHX ( : C : CHR) (L)2] with HBF4 in di-Et ether affords the cationic 
carbyneruthenium (II) derivs . [RuHX ( . tplbond . CCH2R) (OEt2) (L) 2] BF4 and 
[RuH(k2-02CCH3) ( . tplbond.CCH2R) (L)2]BF4. The reactions of 
[RuHCl ( : C : CHR) (L)2] with MX [X = BF4 , PF6 , BPh4 , B(Arf)4] in acetonitrile 
lead to the formation of cationic five- and six-coordinate 
vinylruthenium(II) compds . of which [Ru (CH :CH2 ) (CH3CN) 2 (PCy3) 2] BPh4 has 
been characterized by x-ray crystallog. The starting material 
[RuHCl ( :C:CHPh) (PiPr3)2] reacts with CO to give 
[RuCl (CH:CHPh) (CO) 2 (PiPr3 ) 2] and with N2 to produce 
[RuCl (CH:CHPh) (N2) (PiPr3) 2] (crystal structure). Protonation of 
[Ru(CH:CH2) (CH3CN) 2 ( PCy3 ) 2 ] X and [Ru(CH:CHPh) (CH3CN) 3 (PiPr3 ) 2 ] X with HBF4 
and HB (Arf ) 4 yields the dicationic carbene ruthenium 
(II) complexes [Ru ( : CHCH3 ) (CH3CN) 2 (PCy3) 2] X2 and 

[Ru ( : CHCH2Ph) (CH3CN) 3 (PiPr3 ) 2 ] [B(Arf)4]2, the latter of which eliminates 



styrene to give [Ru (CH3CN) 3 (PiPr3) 2] [B(Arf)4]2. 
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ACCESSION NUMBER: 2002:682077 CAPLUS . . 

DOCUMENT NUMBER: 138:347831 

TITLE: Compounds of general interest. 

Chloro (hydrotris (pyrazol-1- 

. yl) borato) bis ( triphenylphosphine) ruthenium (II) 
{RuCl [K3-HB(pz) 3] (PPh3)2} (pz = pyrazol-l-yl) 
Hill, Anthony F.; Wilton-Ely, James D. E. T. ; 
Rauchfuss, Thomas B.; Schwartz, Daniel E. 
Department of Chemistry, Imperial College of Science, 
Technology and Medicine, London, SW7 2 AY, UK 
Inorganic Syntheses (2002), 33, 206-208 
CODEN: INSYA3; ISSN: 0073-8077 
John Wiley & Sons, Inc. 
Journal 
English 

CASREACT 13 8:347 831 
AB RuC1[k3- HB(pz)3] (PPh3)2 complex was synthesized 

on a large scale (10 g) and was characterized. The procedure is based on 
the reaction of dichlorotris (triphenylphosphine) ruthenium (II) 
with hydrotris (pyrazol-l-yl) borate K salt. 
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1999 : 639825 CAPLUS 
131:345704 

The sting of the scorpion: a metallaboratrane 
Hill, Anthony F.; Owen, Gareth R.; White, Andrew J. 
P.; Williams, David J. 

Department of Chemistry, Imperial College of Science, 
Technology, and Medicine, London, SW72AY, UK 
Angewandte Chemie, International Edition (1999) , 
38(18), 2759-2761 
CODEN: ACIEF5; ISSN: 1433-7851 
Wiley-VCH Verlag GmbH 
Journal 
English 

The novel ruthenaboratrane complex [Ru{B (mt) 3 } (CO) (PPh3 ) ] (4, mt 
- 2 -sulf anyl-l-methylimidazolyl) was prepared from the reaction of 
[Ru(CH:CHCPh20H) CI (CO) (PPh3) 2] with Na[HB(mt)3] and 

characterized spectroscopically and by x-ray crystallog. (4-2CHC13: 
triclinic, space group^ P . hivin. 1, Rl = 0.049). The complex has a 
Ru->B bond of 2.161(5) A, resulting in a tetrahedral geometry 
' for boron, and ruthenium is octahedral. This complex is the 

first example of a poly (azolyl) borate ligand that undergoes B-H activation 
(stinging of the "scorpionate" ) to give this metallaboratrane structure. 
REFERENCE COUNT: 15 THERE ARE 15 CITED REFERENCES AVAILABLE FOR THIS 
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1998:184831 CAPLUS 
128 :270700 

Polyazolyl Chelate Chemistry. 6. Bidentate 
Coordination of HB(pz)3 (pz = 
Pyrazol-l-yl) to Ruthenium and Osmium: 
Crystal Structure of [RuH (CO) (PPh3 ) 2 {k2 - 
HB(pz)3}] 

Burns, Ian D.; Hill, Anthony F.; White, Andrew J. P.; 
Williams, David J./ Wilton-Ely, James D. E. T. 
Department of Chemistry, Imperial College of Science 
Technology and Medicine, London, SW7 2 AY, UK 
Organome tallies (1998), 17(8), 1552-1557 
CODEN: ORGND7 / ISSN: 0276-7333 
American Chemical Society 



DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB The reactions of [RuHCl (CO) (PPh3 ) 3 ] , [Ru (SnPh3 ) CI (CO) (PPh3 ) 2] , or 

[RuH(CO) (NCMe) 2 (PPh3 ) 2 ] BF4 with K[HB(pz)3] (pz = pyrazol-l-yl) provide the 
crystallog. characterized complex [RuH (CO) (PPh3) 2 {r|2-HB (pz) 3 } ] , 
thermolysis of which proceeds via loss of phosphine and 
formation of [RuH (CO) (PPh3 ) {r|3 -HB (pz) 3 } ] . The thiocarbonyl analog 
[RuH(CS) (PPh3) 2{r|2-HB(pz) 3}] is similarly obtained by the reaction of 
[RuHCl(CS) (PPh3)3] and K[HB(pz)3], thermolysis of which provides 
[RuH(CS) (PPh3) {n3-HB(pz) 3}] . Hydride metathesis in CHC13 of this 
species provides [RuCl(CS) (PPh3) {r|3-HB (pz) 3 } ] . [RuH(CS) (PPh3)2{r|2- 
H2B(bta)2}] (bta = benzotriazolyl) results from the reaction of 
[RuHCl(CS) (PPh3)3] with K [H2B (bta) 2] . The hydride -bridged dinuclear 
complex [RuCu(u-H) (CO) (PPh3 ) 2 {r|3 -HB (pz) 3 } ] PF6 results in high yield 
from the reaction of [RuH (CO) (PPh3) 2 {ti2-HB (pz) 3 } ] , with 
[Cu(NCMe)4]BF4. The a-Ph complex [OsPh (CO) (PPh3 ) 2 {r|2 -HB (pz) 3 } ] 
results from the reaction of [OsPhCl (CO) (PPh3)2] with K[HB(pz)3] and is 
cleanly converted with heating to [OsPh(CO) (PPh3 ) {r|3 -HB (pz) 3 } ] . 
REFERENCE COUNT: 59 THERE ARE 59 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ACCESSION NUMBER: 1997:441104 CAPLUS 

DOCUMENT NUMBER: 12 7:1442 94 

TITLE: Synthesis and reactivity of 

[Ru{HB(pz)3}{P(C6Hll)3}Cl(OCH2R)] (pz = pyrazolyl, R = 
H or Me) 

AUTHOR (S) : Gemel, Christian; Kickelbick, Guido; Schmid, Roland; 

Kirchner, Karl 

CORPORATE SOURCE: Institute of Inorganic Chemistry, Technical University 

of Vienna, Vienna, A-1060, Austria 
SOURCE: Journal of the Chemical Society, Dalton Transactions: 

Inorganic Chemistry (1997), (12), 2113-2117 

CODEN: JCDTBI; ISSN: 0300-9246 
PUBLISHER: Royal Society of Chemistry 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB [Ru{HB (pz) 3} (cod) CI] (1) (cod = cycloocta-1 , 5-diene) reacted 
with P(C6H11)3 (>1 equiv) in boiling DMF to give the highly 
air-sensitive intermediate [Ru{HB (pz) 3 } {P (C6H11) 3 }C1 (DMF) ] 
which, on exposure to air in either ethanol or methanol as the solvent, 
was converted to the ruthenium (III) complexes [Ru{ 
HB (pz) 3 } {P (C6H11) 3 }C1 (OCH2R) ] (R = Me 2a or H 2b) in good yields. 
2B was characterized by x-ray crystallog. (triclinic, space group 
P.hivin.l, R = 0.038). Treatment of 2a or 2b with L = MeCN, pyridine, CO, 
P(OMe)3, or PMe3 in CH2C12 afforded the (diamagnetic) ruthenium 
(II) compds. [Ru{HB(pz)3}{P(C6Hll)3} (C1)L] (3-7). Most remarkably, 2a or 
2b reacted also with terminal alkynes HC . tplbond . CR (R = Ph, C02Et, Bu or 
SiMe3) giving the neutral vinylidene complexes [Ru{HB 

(pz)3}{P(C6Hll)3}Cl(=C=CHR)] (8-11). Preliminary results of a study of 
the catalytic activity of 2 are also presented. Thus, 2a and 2b catalyzed 
the dimerization of some terminal alkynes HC. tplbond. CR (R = Ph, C02Et or 
SiMe3) . 

REFERENCE COUNT: 18 THERE ARE 18 CITED REFERENCES AVAILABLE FOR THIS 
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1997 : 4 02 118 CAPLUS 
127:144256 

Hydride, dihydrogen, dinitrogen and related 
complexes of ruthenium containing 

the ligand hydrotris (pyrazolyl) borate . X-ray crystal 
structure of [ {HB (pz) 3 }Ru (t\2 - 
H2) (dippe) ] [BPh4] (dippe = 1,2- 
bis (diisopropylphosphino) ethane) 

Jimenez Tenorio, Manuel; Jimenez Tenorio, Miguel 
Angel/ Puerta, M. Carmen; Valerga, Pedro 
Dept. de Ciencia de Materiales e Ingenieria 
Metalurgica y Quimica Inorganica, Facultad de 



Ciencias, Universidad de Cadiz, Aptdo. 40, 11510, 

Puerto Real, Cadiz, Spain 
SOURCE: Inorganica Chimica Acta (1997), 259(1-2), 77-84 

CODEN: ICHAA3; ISSN: 0020-1693 
PUBLISHER : Elsevier 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB [{HB (pz) 3}RuCl (PPh3) 2] reacts with one equivalent of dippe 
(1, 2 -bis (diisopropylphosphino) ethane) in toluene to yield 

[{HB (pz) 3 }RuCl (dippe) ] . This compound reacts with NaBH4 in MeOH furnishing 
the monohydride [ {HB (pz) 3 }RuH (dippe) ] , whereas [ {HB (pz) 3 }RuH (PPh3 ) 2 ] was 
obtained by reaction of [RuHCl (PPh3 ) 3] with K[HB(pz)3] . Both monohydride 
complexes are protonated by HBF4 • OEt2 at -80° to give the 
corresponding dihydrogen adducts [{HB (pz) 3 }Ru (H2) (dippe) ] + and 
[{HB (pz) 3 }Ru (H2) (PPh3) 2] +, as inferred from longitudinal relaxation time 
(Tl) and 1J(H,D) measurements. The latter complex is unstable and 
decomps. at room temperature, but the former is a stable species which does not 
rearrange to the dihydride form when the temperature is raised. The x-ray 
crystal structure of [ {HB (pz) 3 }Ru (H2 ) (dippe) ] [BPh4] was determined (monoclinic, 
space group P21/c, R = 0.057). The dihydrogen ligand in this compound is 
labile, and readily replaced by a range of neutral donor mols., yielding 
the corresponding complexes [ {HB (pz) 3 }Ru (L) (dippe) ] [BPh4] (L = CO, CNBut, 
Me2C0, THF, N2) . There is also supporting evidence for the formation of a 
paramagnetic RuIII methoxide complex, [ {HB (pz) 3 }Ru (OMe) (dippe)] [BPh4] 
All compds. were characterized by IR, NMR and microanal . 
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AB New hydrotris (1-pyrazolyl) borate complexes of ruthenium were 

synthesized. Reaction of RuCl (HB (pz) 3 ) (PPh3 ) 2 (1) with NaBH4 in 
ethanol produced the yellow monohydride complex RuH (HB 
(pz)3) (PPh3)2 (2). Protonation of 2 with HBF4 • Et20 in 
dichloromethane gave the mol . dihydrogen complex [Ru (HB 
(pz)3) (PPh3) 2 (H2) ]BF4 (3). Reactions of 3 with L produced 
[Ru(HB(pz)3) (PPh3 ) 2 (L) ] BF4 (L = CH3CN (4), H20 (5), N2) . 3 Could be 
regenerated by reactions of 4 or 5 with pressurized H2 . Deprotonation of 
3 occurred with NEt3 or H20 under hydrogen pressure. Treatment of 1 with 
LiBF4 in acetonitrile produced the bis-solvento complex [Ru ( 
HB(pz)3) (PPh3) (CH3CN)2]BF4 (6). Heating a THF/ CH3CN (9/1) solution 
of 1 at 60° gave RuCl (HB (pz) 3 ) (PPh3) (CH3CN) (7). Reaction of 7 
with NaBH4 in THF produced the yellow monohydride complex RuH { 
HB(pz)3) (PPh3) (CH3CN) (8) . Acidification of the monohydride 8 
with HBF4 • Et20 yielded [Ru (HB (pz) 3) (PPh3) (CH3CN) (H2)]BF4 (9) . Both 
complexes 4 and 6 are active catalysts for the hydrogenation of olefins in 
either anhydrous or hydrous THF. Enhanced catalytic activities were observed in 
the presence of water or NEt3 . Deuterium was incorporated into the 
catalytic hydrogenation products when D20 was present in the reaction 
mixture The enhanced catalytic activity in the presence of water, and 
incorporation of deuterium in the hydrogenation products, could be best 
explained with mechanisms which involve dihydrogen complexes. 
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AB The reactivity of the oxo (phosphine) ruthenium (IV) 

complexes, $\rm\lbrack Ru(bpy)\sb2 (O) PR\sb3\rbrack (C10\sb4) \sb2$ (where 
bpy = 2 , 2$\sp\prime$-bipyridine and $\rm PR\sb3 = P (C\sb6H\sb5) \sb3 , $ 
P(p-$\rm C\sb6H\sb40CH\sb3) \sb3, $ P(p-$\rm C\sb6H\sb4CH\sb3 ) \sb3$ , 
P(p-$\rm C\sb6H\sb4F) \sb3$, $\rm P (C\sb6H\sb5) ($p-$\rm 
C\sb6H\sb4CF\sb3) \sb2$, and P(p-$\rm C\sb6H\sb4CF\sb3) \sb3) $ in the 
oxidation of sulfides, sulfoxides, alcohols and teritary anilines was 
investigated. In addition, the aqua ligand substitution by acetonitrile in 
the (aqua) (phosphine) ruthenium (II ) complexes was 
investigated in aqueous medium. 

For the oxidation of sulfides to sulfoxides, an excellent correlation 
(R$\sp2$ = 0.99) was obtained between log ($k\sb{\rm x}/k\sb{\rm H}$) and 
the $\sigma$ values for the substituents of para-substituted thioanisoles 
($\rho$ = $-$1.56). For the oxidation of sulfoxides to sulfones, a good 
correlation (R$\sp2$ = 0.98) was obtained between log ($k\sb{\rm 
X}/k\sb{\rm H}$) and the $\sigma\sp{+} $ values for the substituents of 
para-substituted methyl phenyl sulfoxides ($\rho$ = $-$0.42). In addition, 
the kinetic isotope effect for the oxidation of thioanisole and 
methyl -$d\sb3$ phenyl sulfide produced $k\sb{\rm H}/k\sb{\rm D}$ = 1.14, 
and the oxidation of methyl phenyl sulfoxide and methyl -$d\sb3$ phenyl 
sulfoxide resulted in an inverse isotope effect of $k\sb{\rm H}/k\sb{\rm 
D}$ = 0.64. Hammett correlations of log ($k\sb{\rm X}/k\sb{\rm H}$) versus 
$Vsigma\sigma$ (where $\sigma$ is the Hammett substituent constant for 
each of the para-substituents on the triphenylphosphine ligands) also show 
linear relationships. The slopes of these plots gave $\rho$ = 0.49 
(R$\sp2$ = 0.99) for the oxidation of thioanisole and $\rho$ = 0.37 
(R$\sp2$ = 0.99) for the oxidation of methyl phenyl sulfoxide by the 
$\rm{\lbrack Ru(bpy)\sb2 (0) PR\sb3\rbrack (C10\sb4) \sb2} $ complexes. The 
results of all our experiments suggest that the rate determining step in 
the oxidat ion of thioanisole by $\rm \lbrack Ru (bpy) \sb2 (0) P (C\sb6H\sb5) \s 
b3\rbrack (C10\sb4) \sb2$ involves primarily single electron transfer, 
whereas the rate determining step of the oxidation of methyl phenyl 
sulfoxide involves primarily an S$\sb{\rm N}$2 mechanism. 

There were not good correlations for plots of log$k\sb{\rm 
X}/k\sb{\rm H}$ versus the Hammett substituent constants $\sigma,\ 
\sigma\sp+$ or $\sigma\sp{ - } $ for the oxidation of the para-substituted 
benzyl alcohols by $\rm{\lbrack Ru (bpy) \sb2 (0) P (C\sb6 H\sb5) \sb3\rbrack 
(C10\sb4) \sb2}$. However, the plot of log$\rm{{\it k}\sb{x}/{\it 
k}\sb{H}}$ - $\sigma\sp{\cdot }$ versus $\sigma\sp-$ (where 
$\sigma\sp{\cdot } $ is the free radical stabilization constant), gave an 
excellent correlation with $\rho$ = $-$0.57, (R$\sp2$ = 0.99) for the 
oxidation of the para-substituted benzyl alcohols by ($\rm{Ru (bpy) \sb2 
(0)P(C\sb6 H\sb5)\sb3 \rbrack (C10\sb4 ) \sb2 } $ in methylene chloride. From 
these and other results, we propose a reaction pathway for the oxidation 
of benzyl alcohol by (oxo) ruthenium (IV) complexes which involves 
a partial hydrogen atom abstraction from the benzylic carbon in the rate 
determining step. 

The features observed in the demethylation of the tertiary anilines 
by the (Ru (bpy) $\sb2$ (0) (PR$\sb3) \rbrack\sp{2+}$ complexes 
resemble those of the cytochrome P-450 type oxygenation. 
(Abstract shortened by UMI . ) 
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AB My doctoral research concerns the mechanism of proton-coupled 

electron transfer over an extended pH range. The impetus for this study 

derives from the importance of such processes in biological systems. These 

processes between ruthenium and osmium complexes and 

hydroquinones have been studied by using spectrophotometric methods and 
cyclic voltammetry. Elucidation of the mechanistic details has been 
attempted by using isotopic labelling, kinetic analyses, and numerical 
simulation of complex kinetic schemes. 

The coordination and redox chemistry of polypyridyl-acetylacetonato 
and -oxalato complexes of ruthenium and the role of ancillary 
ligands in defining the properties of Ru$\sp{\rm IV}$0 complexes were 
explored. These studies represent the first attempt to probe possible 
2e$\sp-$ oxidation by a Ru$\sp{\rm IV} $0/Ru$\sp{ \rm Il}$OH$\sb2$ couple. 
Using a test ligand in the coordination sphere the net result of the 
acac$\sp-$ ligand affecting the electron density at the metal center was 
examined. It was found that acac$\sp-$ can act as a $\sigma$ donor, $\pi$ 
donor, and $\pi$ acceptor. 

The synthesis and X-ray crystal structure of trans- (Ru$\sp{ \rm 
VI}$ (tpy) (0) $\sb2$ (H$\sb2$0) ) (C10$\sb4 ) \sb2$ are described. The complexes 
trans- (Ru(tpy) (0) $\sb2$ (H$\sb2$0) ) $\sp{2+}$ and trans- 

(Ru(tpy) (O) $\sb2$ (CH$\sb3$CN) ) $\sp{2+}$ have been characterized by using 
UV-vis, $\spl$H NMR, FTIR, and resonance Raman spectroscopy, and 
electrochemical techniques. Comparisons with the redox potentials for 
related couples and a thermodynamic analysis based on related 
ruthenium and structurally equivalent complexes of osmium revealed 
a number of features that will be useful in the rational design of metal 
ion redox catalysts. 

A complex mechanistic study of a novel cis -directed 
four-electron oxidation by trans -Ru$\sp{\rm Vl}$0$\sb2$ complexes 
involving double O-atom transfer to a single substrate was undertaken. The 
kinetics of nitrogen atom transfer reactions of an Os$\sp{\rm Vl}$nitrido 
complex with phosphines was studied. A reactivity model 
was developed for metal -oxo epoxidation catalysts and cytochrome 
P-450, based on the kinetics and mechanisms of olefin epoxidation by 
Ru$\sp{\rm iv}$0 and trans-Ru$\sp{\rm Vl}$0$\sb2$. 

The ( (bpy) $\sb2$ (0)Ru$\sp{\rm V} (\mu$-0) Ru$\sp{\rm v}$(0) (bpy) ) 
$\sp{4+}$ complex represents the only well-defined molecular catalyst for 
water oxidation. This work describes the synthesis, characterization, and 
redox chemistry of ((tpy) (C$\sb2$0$\sb4$ ) Ru$\sp { \rm III } (\mu$-0) Ru$\sp{ \rm 
III}$ (C$\sb2$0$\sb4$) (tpy) ) and ( (tpy) (CO$\sb3$) Ru$\sp{\rm 
III} (\mu$-0)Ru$\sp{\rm IIl}$ (C0$\sb3$) (tpy) ) . In acidic solutions the 
oxalato ligand is lost providing a convenient synthetic route to the cis- 
((tpy) (H$\sb2$0) $\sb2$Ru$\sp{\rm III } $ ( $\mu$-0) Ru$\sp{ \rm 
IIl}$(H$\sb2$0)$\sb2$(tpy)) $\sp{4+}$. 
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